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Outline

§ LLNL’s	  stake	  in	  precision	  oncology

§ Collaboration	  with	  the	  National	  Cancer	  Institute
— Aim,	  challenges,	  and	  current	  work

§ Collaboration	  with	  the	  Cancer	  Registry	  of	  Norway
— Current	  work:	  Cervical	  cancer	  screening
— Nascent	  work:	  Cancer	  patient	  outcome	  prediction
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Prapat Suriyaphol (2016)  Precision  Medicine  – the  future  of  healthcare

Precision	  Medicine

Precision  medicine  can  be  fully  enabled  by  the  convergence  of  
advanced  supercomputing,  life  sciences,  and  big  data  



LLNL-PRES-729679
4

Advancing	  Precision	  Medicine	  and	  Computing

Data	  and	  HPC	  capabilities	  enable	  advances	  in	  precision	  medicine

Bio	  data	  and	  complexity	  help	  guide	  evolution	  of	  computing	  through	  co-‐design	  
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§ ~318	  million	  people
§ Federated	  healthcare
§ No	  unique	  PIN	  across	  all	  databases

§ ~5.2	  million	  people
§ Universal	  healthcare
§ Unique	  PIN	  links	  all	  registries
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LLNL  has  established  strong  partnerships  with  both  NCI  and  CRN

Country-‐Scale	  Data
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NCI-‐DOE	  Pilot	  3
Population	  Information	  Integration,	  Analysis	  and	  Modeling

Improve  the  
effectiveness  of  cancer  
treatment  in  the  “real  
world”  through  
computing
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SEER Cancer 
Information Resource

Surveillance data captured/ planned on each cancer patient for the entire population 
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Prospectively support 
development of  new diagnostics 

and treatments

Understand treatment and 
improve outcomes in the 

“real world” 

Genome
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Norway	  Cervical	  Cancer	  Screening	  Dataset

§ National	  database	  of	  1,728,336	  
unique Norwegian	  women’s	  cervical	  
cancer	  screening	  results

§ Records	  cover	  1991–2015
§ 10,753,752 individual	  records	  (rows)
§ Current	  dataset	  has	  10	  columns:

— Patient	  ID,	  birthdate,	  diagnosis	  date,	  test	  
type,	  diagnosis1,	  diagnosis2,	  stage,	  lab	  
number,	  region,	  censor	  date	  

Patient  
ID

Birthdate Diagnosis
date

Test    
type

Diagnosis
1

Regio
n

…

1 12/15/197
8

2/15/1998 Cyt 11 North …

1 12/15/197
8

4/15/2010 Cyt 11 North …

2 11/15/199
0

11/15/200
8

Cyt 11 South
-East

…

3 5/15/1956 5/15/1999 Cyt 12 West …

3 5/15/1956 6/15/1999 Cyt 11 West …

3 5/15/1956 6/15/1999 Hist 20 West …

3 5/15/1956 9/15/1999 HPV 1 West …

… … … … … … …
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Diagnostic Test  Dependent,  Mixture  HMM

St  :    Disease  State  (healthy,  sick)  
=    unobserved

=    observed

Z

Z  :    Latent  Class  (frailty)

Dt:    Diagnosis  Test  (cytology,  histology)
Xt :    Observed  Test  Result  (severity)

Braden  Soper Ghaleb Abdulla
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Personalized	  Cervical	  Cancer	  Screening

Develop  a  data-guided  individualized  cervical  cancer  screening  
protocols

§ Define	  a	  policy	  to	  guide	  individualized	  screening
— Optimal	  resources	  allocation

• Low	  risk	  women	  should	  be	  screened	  seldomly

• High	  risk	  women	  should	  be	  screened	  frequently

Time

R
is
k

lo
w
m
od
er
at
e
hi
gh

Maximize  screening  
interval  when  at  low  risk

Reduce  screening  
interval  when  at  higher  
risk
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What’s	  Next	  for	  the	  LLNL-‐CRN	  Collaboration?

Goal:  To  accurately  predict  cancer  patient  outcome  

Recurrence
Survival  probability  
given  time  window
Response  to  specific  

treatment

How  will  different  
interventions  affect  the  
course  of  the  patient’s  
health  trajectory?
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Cancer  therapy
Hospitalization

Diagnostics  test
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Norway	  clinical	  registries	  – Patient	  trajectory

Diagnosis
Start  of  primary
treatment End  of  primary

treatment

Time  of  relapse Time  of  metastatic  disease

Slide  generously  provided  by  Jan  Nygard (CRN)

D:  Diagnostic  report
S:  Surgery  report
R:  Radiotherapy
C:  Chemotherapy  report
H:  Hormone  therapy  report
P:  Pathology  report
D:  Death  certificate
N:  Patient  registry  report
Q:  Patient  questionare
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Underlying	  Commonalities	  Example	  
HPV
§ HPV	  is	  the	  cause	  of	  

— ~99%	  of	  cervical	  cancers
— ~70%	  of	  oropharyngeal	  cancers

§ Evidence	  linking	  HPV	  to	  lung	  cancers
— 15–20%	  of	  lung-‐cancer	  cases	  in	  men	  and	  50%	  in	  

women	  are	  in	  people	  who	  have	  never	  smoked.	  One	  
hypothesis	  is	  that	  a	  virus	  might	  be	  the	  culprit.
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In	  Summary…

§ LLNL	  is	  invested	  in	  leveraging	  HPC	  to	  
advance	  precision	  oncology

§ Partnership	  with	  CRN	  and	  NCI	  are	  
uniquely	  positioned	  to	  address	  
challenges	  in	  precision	  medicine

§ Work	  on	  personalizing	  cervical	  cancer	  screening	  
is	  underway	  with	  promising	  initial	  results

§ Nascent	  project	  on	  prediction	  of	  cancer	  patient	  
outcome

§ Going	  forward
— HMMs:

• Continue	  screening	  time	  optimization

• Go	  beyond	  diagnostics	  and	  extend	  models	  to	  predict	  
patient	  outcome

— Deep	  multitask	  learning
• Late	  network	  fusion
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Our	  team

§ LLNL	  
— Ghaleb Abdulla
— Braden	  Soper
— Priyadip Ray

§ Cancer	  Registry	  of	  Norway
— Jan	  Nygard
— Mari	  Nygard
— Giske Ursin

§ NCI-‐DOE	  Pilot	  3	  team	  led	  by Lynne	  
Penberthy (NCI)	  and	  Gina	  Tourassi
(ORNL)
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Thanks!




